One key problem regarding the external validity of laboratory experiments is their duration: while economic interactions out in the field are often lengthy processes, typical lab experiments only last for an hour or two. To address this problem for the case of both symmetric and asymmetric Cournot duopoly, we conduct internet treatments lasting more than a month. Subjects make the same number of decisions as in the short-term counterparts, but they decide once a day. We compare these treatments to corresponding standard laboratory treatments and also to short-term internet treatments lasting one hour. We do not observe differences in behavior between the short-and long-term in the symmetric treatments, and only a small difference in the asymmetric treatments. We overall conclude that behavior is not considerably different between the short-and long-term.
Introduction
Many economic interactions in the field are long term in nature, whereas typical laboratory experiments only last for an hour or two. For instance, competition between firms may go on for months or even years, and the duration of labormarket interactions or vertical firm relations is frequently measured in decades.
By contrast, experiments are usually short. Inspecting the duration of experiments published in the journal Experimental Economics between 2006 and 2010 (issues 9-13), we find that the average duration of an experiment is 68.09 minutes, with a minimum duration of 20 minutes and a maximum of 180 minutes.
The discrepancy between the duration of field and lab interactions has given rise to concerns about the external validity of laboratory experiments. 1 In this respect, Gneezy and List (2006) find that in two controlled field experiments the impact of an unexpected increase in wages had only a short-term effect. After about three hours, subjects adjusted their behavior and the effect vanished.
This finding is particularly interesting since there are hardly any economics experiments lasting more than three hours. Moreover, in long-term interactions individuals have more time to analyze the situation and to reflect their decisions.
It is therefore surprising that, except for Baik et al. (1999) and Oechssler et al. (2008) , no laboratory experiment has been designed to test for the impact of long-term interaction on performance. 2 Conducting a two-player "endogenoustiming" tournament experiment, Baik et al. (1999) find that more time to think led to more rational behavior. In a "mini ultimatum game" Oechssler et al. 1 Levitt and List (2007) argue that external validity is crucial regarding the relevance of laboratory experiments, whereas Falk and Heckman (2009) and Camerer (2011) contend that external validity is not central. Either way, it is important to know whether long-term interactions constitute a more appropriate way of analyzing economic behavior and whether short-term lab interactions are restrictive.
2 A notable early exception where duration differs appreciably from the usual length is Hong and Plott (1982) . Here subjects agreed to participate in four three hours experimental sessions. Another example is Isaac et al. (1994) who employed a long-term procedure for testing a large group-size effect in a public-good experiment. Finally, in Andreoni and Blanchard (2006) , subjects made decisions once a day for a 10 days period over the internet. In these experiments, however, no comparison to a short-term lab experiment was made.
(2008) gave responders the opportunity to revise their decisions (whether or not to reject an offer) after 24 hours. They observed fewer rejections when stakes (represented by lotteries) were high, but they found no differences in rejections under standard ultimatum-game stakes.
Related to the duration issue is the number of repetitions of the stage game in the laboratory. In fact, there is evidence suggesting that the larger the number of rounds in an experiment is, the more subjects will engage in cooperation (see , and the references therein). Recently, Friedman and Oprea (2011) found almost 90 percent cooperation in a prisoner's dilemma with (nearly) continuous time. While this shows that the frequency of interaction may be significant, it does not answer the question of how duration itself affects the course of play in experiments; after all, even these high interaction-frequency experiments do not last longer than the typical lab experiment. Moreover, it is important to investigate whether short-or long-term interactions in experiments are a potentially more appropriate way of testing theories. In theory, the only thing that matters is the distinction between a finite and an infinite number of repetitions, but nothing is said about the time span of these interactions.
The present study investigates the impact of duration in symmetric and asymmetric Cournot duopolies. In particular, we conduct long-term treatments via the internet, and compare them with the corresponding short-term internet counterparts and the standard lab treatments. There are several reasons why we have chosen that framework. First, when one envisages a situation involving long-term economic interactions, competition between firms is among the first examples that come to mind. Second, this game is essentially a social dilemma, and its results could be generalized to apply to many other economic situations.
Third, the Cournot game has been experimentally investigated in the laboratory dozens of times, and the results are fairly robust and well-established. Fourth, testing the impact of long-term interaction is especially promising in such a design since there is much room for enhancing collusion. More precisely, while in symmetric duopolies players cooperate to some extent, the average output is still closer to the Cournot-Nash than to the joint-payoff maximizing output (see, e.g., Huck et al., 2004) . In asymmetric duopolies players typically fail to cooperate. 3
One possible explanation for why behavior differs between short-and longterm time spans is that subjects are more prone to "hot" emotional states in short-term settings than in long-term interactions. 4 Researchers in neuroscience find that participation in the ultimatum bargaining game activates regions in the brain known to be involved in negative emotions (e.g., Sanfey et al., 2003; Koenigs and Tranel, 2007, etc.) , and this is also true of cooperation experiments (see Rilling et al., 2002 , Rilling et al., 2004 . These negative emotions (or more generally "visceral factors") "often propel behavior in directions that are different from that dictated by a weighing of the long-term costs and benefits of disparate actions " (Loewenstein, 2000, p.426) . For that reason, a cooling-off period is often used in negotiations. Hence, it may be easier to cooperate in the absence of immediate negative emotions such as anger, fear, or a feeling of injustice. Moreover, the possibility to think about the experiment for a few days (and maybe consult others) could impact on cooperation as subjects may realize that there are long-term benefits from collusion.
On the other hand, in the short term subjects may be more prone to punishing defectors (an action conflicting with their self-interest) than in the long run. An example for such an action is "road rage" a short-sighted response on the road that is not in the interest of the angry driver (Loewenstein, 2000) . As a result, 3 In fact, aggregate output may even be above the static Nash level (Mason et al., 1992; Mason and Phillips, 1997) . 4 The idea that different psychological mechanisms are at work in the short term ("hot" emotional states) and in the long run ("cold" emotional states) has been firmly established (e.g., Loewenstein and Schkade, 1999; Loewenstein, 2000 Loewenstein, , 2005 . emotional behavior in the short term may induce cooperation even in the short run.
Due to the ex-ante ambiguity regarding the impact of a long-term procedure on behavior, we have a two-tailed hypothesis: an experiment that is conducted over a long time span will yield output decisions that are different from the standard short-term laboratory procedures.
The overall findings in our Cournot market treatments are as follows. In the long-term symmetric internet treatments behavior does not differ from the kind observed in their respective short-term lab and short-term internet counterparts. We also find no crucial differences between the two short-term treatments in the lab and via the internet. In the asymmetric case we observe that, due to the behavior of high-cost firms, in the short-term internet treatment subjects play significantly more competitively than in the long-term internet treatment.
These difference are, however, quite small in magnitude. Therefore, our overall conclusion is that, in terms of experimental duration, at least in Cournot duopolies outcomes in short-term laboratory settings do not differ from longer term environments.
Related Literature
This study compares games of repeated interaction in the short run and in the long run. Such comparisons were, hitherto, only made for tournaments and one-shot games. See Baik et al. (1999) and Oechssler et al. (2008) , respectively, as discussed in the introduction.
As an aside to our main research question, we also compare standard laboratory treatments to variants run over the internet. Interestingly, such comparisons have been done mainly on one-shot games and seldom on games of repeated interactions. In what follows, we review repeated-interaction studies which make a comparison between behavior in the lab and via the internet. Andreoni and Blanchard (2006) conducted a variant of the ultimatum game over the internet. In their study, student participants made one decision a day for a period of 10 sequential days. The authors find that in the internet treatment participants behave remarkably similarly to comparable lab treatments. results to those from the literature conducted in the lab. 5 In the public good game, they find that SL subjects contribute slightly more than lab students. In the minimum effort game, they find a higher mean behavior than in previous studies, while in the guessing game they observe a higher average guess than in previous studies. Nevertheless, all these differences are rather small. Suri and Watts (2011) conducted different variations of public-good games arranged on one of five network topologies and find their results to be overall in line with a related study by Cassar (2007) .
To the best of our knowledge the only experimental study that tests for differences between behavior in the lab vs. via the internet using the same randomized subject pool in repeated interactions is Schmelz and Ziegelmeyer (2012) . These authors study a principle-agent game where the principle chooses enforcement and the agent chooses an effort level. They find that negative reactions to enforcement are larger on average in the laboratory than over the internet, but these differences vanishes over time.
To sum up, the overall picture is that behavior in internet experiments of Table 1 and outlined in detail below) all of them implementing a simple Cournot duopoly game.
- Table 1 about here -In all treatments, subjects represented firms producing a homogeneous good.
Firms face the following linear demand function:
where Q = q 1 +q 2 is the total quantity produced in the market. In the symmetric treatments the cost function for each firm is given by
Under this setting, the (unique) Cournot-Nash equilibrium is given by (q N 1 , q N 2 ) = The asymmetric treatments are identical to their symmetric counterparts except that the two firms' costs differ and are given by
In this case, the Cournot-Nash equilibrium is given by (q N 1 , q N 2 ) = (35.16, 28.66), so that industry output is now Q N as = 63.83. Note that, when playing equilibrium actions, the profit ratio between high-and low-cost firms is exactly 1.5.
In both the symmetric and asymmetric treatments, subjects could select integer quantities between 0 and 100 (we allowed integer outputs only so as to prevent subjects from signaling their identity by using decimals). Subjects were allowed to use a profit calculator to test the potential impact of various own and other firm's decisions before committing to the payoff relevant output decision. The profit calculator reduces dependency on a subject's cognitive abilities. Using this device ensures that differences in performance are not due to lack of time for calculations. 7 After each round, the subjects were given information about their own choice, the other firm's choice, and their payoffs in the current and previous rounds of the game. Each treatment lasted exactly 25 rounds, and the number of rounds were made common knowledge in the instructions.
We deliberately decided against conducting a long-term treatment in the laboratory where subjects enter the lab once a day, because it does not add further control in comparison with our long-term internet treatment. Even worse, the fact that subjects repeatedly meet in the lab may facilitate collusion.
On the other hand, short-term lab experiments may not be entirely comparable to a short-term internet experiment. Subjects participating in a short-term internet experiment often do not read the instructions beforehand, invest less time in the task, or make decisions faster than in a respective lab experiment and Jacquemet, 2012, respectively). In this respect, and since the long-term internet treatment allows subjects to log in at that time of the day when they can concentrate on the experiment (as they would in the laboratory), a direct comparison between a short-term lab and a long-term internet experiment may be more appropriate for testing for the "pure duration effect" than a chain of comparisons (short-term lab vs. short-term internet vs. long-term internet). 8
Procedures
Designing a long-term experiment poses various methodological issues. The main challenge is to conduct the experiment in a way that parallels the standard laboratory procedure as closely as possible, while at the same time dealing efficiently with the problem of subjects tending to opt out when required to take repeated decisions over a relatively long time span. In fact, we are not aware of any other long-term experiment involving as many as 25 repeated choices.
In the following we describe the procedure we chose to offset the tendency of subjects to skip decision rounds, while at the same time displaying sufficient comparability with standard short-term experiments. We recruited a total of 296 students from different departments of Kiel University to participate in the experiment in three cohorts. Subjects of the first two cohorts were randomly divided into two sub-groups, one participating in a standard 60-minute lab experiment (referred to as short-term treatment), the other participating in an internet version of the otherwise identical experiment with a duration of 25
working days (long-term treatment). A third cohort of 82 subjects was later recruited to participate in the short-term internet treatments.
During the recruitment phase, subjects of cohorts 1 and 2 were informed that a random lottery would determine whether they would participate in the shortterm lab or in the long-term internet treatment. After random assignments, subjects were informed via email as to which group they had been assigned to and were asked to confirm their participation. The first cohort participated in the symmetric-, the second cohort in the asymmetric-cost treatment.
The experiment was programmed in Java with identical programs and frames for both the short-and the long-term treatments. Long-term experiments involve several methodological challenges, not least of which is that subjects may opt out of the experiment. Previous experiments lasting more than one week (Isaac et al., 1994, Andreoni and Blanchard, 2006) have used default rules to specify an action when a subject did not make a choice. This approach might not only distort the results, it could in fact change the game (by changing the number of active players in a group). The challenge is to limit the impact of the default rule. 9 Our design addresses this challenge in three different ways.
First, we reduce the cost of participation by programming an experiment that can be operated from any computer, tablet, or smart phone, virtually anywhere (and in the long-term internet treatment) at any time. Second, we only allow two (non-subsequent) default decisions per subject. Third, we monitor whether subjects are making their decisions and we notify them by email, text messages, and even phone calls that we will terminate their participation if they do not make the requisite decisions.
To ensure comparability between the short-and long-term versions, we followed the same procedure in all treatments. For example, in the short-term lab treatment we did not read the instructions aloud or answer any questions publicly. In addition, as it is not possible to pay subjects immediately after the last round in the long-term treatments (as is typically done in the lab), subjects could collect their earnings in both the short-and long-term treatments as of one day after completing the respective experiment. 10 In the symmetric-cost treatments average payoffs were e13.51, e11.63, and e27.30 in the short-term lab, short-term internet, and long-term internet treatments, respectively. In the asymmetric-cost treatments, payoffs were e14.23, e13.01, and e28. 35 for the low-cost and e10.11, e10.39, and e20.58 for the high-cost firms in the shortterm lab, short-term internet, and long-term internet treatments, respectively. 11
Short-term lab procedure
In the case of the short-term laboratory treatments, the subjects were provided with individual usernames and passwords once they had entered the computer laboratory. They had 10 minutes to read the instructions. Questions could only be asked privately, and subjects could collect their earnings in cash as of the following working day (as in the long-term treatments).
Long-term internet procedure
On the first day of the long-term internet treatments, the subjects were provided with individual usernames and passwords. It was only possible to log in to the experiment on a working day (Monday to Friday), when subjects could log in to the system as often as they wanted. Once subjects were logged in, they could read the instructions, use the profit calculator, observe the outputs of the previous rounds, and make their output decisions once a day (between midnight and 11.59pm). Feedback on the outcome of the previous round was available from midnight on the following working day. Subjects who had not entered a quantity by 7pm were sent a reminder by email, followed by another reminder later via a cell phone text message. In the whole period of 25 working days, the subjects were allowed to skip a total of two decisions (as long as they were not successive). Subjects were dismissed from the experiment in two cases: (i) if they did not enter an output on the first day of the experiment; 12 ii) if they failed to enter more than two decisions. 13 In those cases where subjects did not make decisions, the output decision from the previous round was registered.
Questions in the long-term treatments could be asked via email or phone.
Short-term internet procedure
The main challenge in conducting the short-term internet treatments was to ensure that all subjects logged in precisely at the time of the experiment and stayed online during the whole experiment. Another difficulty was that in the laboratory the experimenter can check the compatibility of the hardware and software before the start of the experiment (including maintaining a stable connection between the control computer and its clients), but in online experiments various technical problems could occur (e.g., problems with the program, computer, internet connection). This was not so crucial in long-term procedures as subjects had enough time to find a solution (they could contact the experimenters, log in from a different device, change internet connection, etc.). In 12 Four and two subjects were excluded after not entering an output on the first day of the symmetric and asymmetric treatments, respectively. 13 In the symmetric long-term treatment, three pairs were excluded from the experiment after 19, 22, and 23 days, respectively, and in the asymmetric treatment, two pairs were dismissed after 23 and 25(!) days.
short-term internet procedures the experimenter may be forced to dismiss a subject at the beginning or even during the experiment since, as in standard laboratory procedures, the next round starts only once all subjects have made their decisions. 14 Consequently, we developed a three-part procedure to overcome these difficulties: First, all our recruits were asked to provide their cell phone numbers.
We also provided subjects with three telephone numbers for technical support or questions. Second, on the morning of the experiment, we sent subjects their respective user names and passwords, but they could not log in to the experiment until the experiment started (because in short-term experiments, in contrast to long-terms experiments, subjects are not supposed to read the instructions before the start of the experiment). Finally, to make sure that all subjects logged in on time, we sent them a reminder by text message about an hour prior to the start of the experiment.
Results
This section centers on the issue of whether there are significant differences between the short-and the long-term treatments regarding both market (aggregate) performance and individual behavior. We follow the standard procedure by first investigating the output levels in each market averaged over time. Then we take a closer look at individual firm behavior. At the end of the section we report the default rates in the different treatments. Table 2 presents the summary statistics of the quantities selected in each market averaged over rounds 3 to 23 (in order to exclude possible beginning and end effects), and over rounds 11 to 23. We report averages across and medians in rounds 3 to 23 (in order to exclude possible beginning and end effects) and across rounds 11 to 23 (to allow for learning). 15 We note that averages are close to but below the (static) Nash prediction in the symmetric treatments. In the asymmetric treatments, aggregate output is also close to the Nash level but here it is above Nash. We conclude that our results are consistent with previous Cournot experiments.
Aggregate behavior
We illustrate our results using two figures. Figure 1 introduces a box plot of the output of each of the different duopoly markets averaged over these rounds (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . This figure indicates that the median behavior is close to the Cournot-Nash equilibrium in all (symmetric and asymmetric) treatments. Notably, in the symmetric treatments outputs are not dispersed around the Cournot-Nash output but are skewed toward the collusive output. By contrast, in the asymmetric treatments output either dispersed around the Nash output (in the long-term internet treatment), or skewed toward competitive outcome (in the short-term lab and internet treatments). Figure 2 illustrates the evolution of mean quantities per round throughout the course of the sessions. Inspection of Figure 2(a) suggests that there is no considerable difference in behavior among the symmetric treatments in the second-half of the experiment. 16 In the asymmetric treatments, it seems that average outputs in short-term internet treatments are slightly above the corresponding short-term lab and long-term internet treatments.
We now move toward analyzing and testing for treatment effects. Table 3 15 For the rest of the analysis, we focus on data from rounds 11-23 to account for behavior after a possible adjustment period where subjects learn to play the experiment, but without the end effect in the last two rounds. It is especially justified as, in the short-term internet procedures, it may be that subjects do not read the instructions carefully or make decisions without focusing on the experiment ("as they may be busy with other things at the same time such as watching television and eating", see Charness et al., 2007, p.101) . 16 Once regressing the market quantities on "round" we find that the time coefficient is insignificant (p > 0.10) in all treatments except for the symmetric short-term internet treatment. However, even in this treatment the "round" coefficient becomes insignificant by the fourth round.
presents p-values of the pairwise statistical tests between the treatments. We start with the symmetric treatments, then follow the asymmetric treatments.
- Table 2 about Figure 1(a) indicate that the median quantities across markets in the three treatments are not substantially different from each other. Indeed, using a two-sided robust rank-order test (F-P test, following Fligner and Policello, 1981), 17 we do not find any significant differences between any of the treatments when comparing the markets averaged over rounds 11 to 23 pairwise, counting each market as one observation. 18 Moreover, Figure 1(a) indicates that the aggregate outputs in the short-term treatments are more dispersed than the outputs in the long-term internet treatment. However, these differences are not significant as the F-P tests show. Figure 2(a) , too, does not indicate differences for the symmetric treatments. The robust rank-order test is less sensitive to changes in sample sizes and distributional assumptions than the Wilcoxon-Mann-Whitney test (see Feltovich, 2003) . 18 Overall, there are 15, 19, and 30 independent markets in the short-term lab, short-term internet, and long-term internet treatments, respectively. exact JPM individual output is 24.75). We find that 26%, 21%, and 30% of the subjects made such choices in the short-term lab, short-term internet and long-term internet treatments, respectively. These differences are not significant (p = 0.93 using a Fisher exact test).
Result 1 [Symmetric firms]:
Aggregate performances in the short-and longterm treatments are indistinguishable. 
Asymmetric treatments

Result 2a [Asymmetric firms]:
The short-term internet treatment is slightly more competitive than in the long-term internet treatment. However, we do not find a significant difference when comparing short-term lab and long-term internet treatments, or when comparing short-term lab and internet treatments. Table 4 presents the summary statistics of the quantities chosen by high-and low-cost firms in the asymmetric treatments. Figure 3 shows the evolution over time of the average quantities chosen by the high-and low-cost firms in the different treatments. F-P tests indicate no significant differences for the low-cost firms. As to the high-cost firms, we find a significant difference between for both the short-term treatments and the long-term internet treatment. We observe no difference between the short-term lab and short-term internet treatments. We note that these difference are not substantial, though. We can hence formulate the following result:
- Table 4 about This last result indicates that the added time in the long-term treatment induces high-cost firms to play less competitively than in the short-term. It suggests that in interactions between heterogeneous parties a "cooling-off period" between rounds may result in outputs that are closer to the static Cournot-Nash predictions than when interactions take place within a short continuous process.
Individual behavior
Now we look at the individual strategies. Taking into account the fact that subjects were provided with a profit calculator and also received information about aggregate output selected in the previous round, they could easily calculate their best response to their competitors' outputs, assuming that the competitors do not retract their decision. Formally, the best response is defined as
Besides 'best response', a subject could also play an 'imitation' strategy, which means that a subject tries to select the same output as its competitor. Accordingly, and following Huck et al. (1999) , we estimate the following 'output adjustment' model using OLS (with robust standard errors at the group level): Lab and Long-term are dummy variables denoting short-term laboratory and long-term internet treatments, respectively. Furthermore, the dummy variable JPM indicates that a competitor's output is equal to either 24 or 25 at time t − 1. It is only used in the symmetric treatments estimations, as there is no clear collusive focal point in the asymmetric treatments. Spiteful is a dummy variable denoting any rival's output decision in the interval [50, 100] . We define an action as "spiteful" if it hurts both the competitor and also the initiator. 19 19 A possible reason for acting spitefully may be that subjects are concerned about relative payoffs. One is willing to hurt oneself when others are hurt even more (see Hamilton, 1970, and Bosch-Doménech and Vriend, 2003 in the context of Cournot oligopoly). Indeed, this conjecture is supported by the data. We find that 75%, and 65% of the spiteful decisions in the short-term lab and long-term internet treatments, respectively, result in an output of 50 In other words, a quantity from this interval is never a best response to any positive output selected by the competitor. We added dummies for JPM and spiteful outputs since one hypothesis is that "hot" emotions may more strongly affect behavior in the short-term than in the long-term treatment. Particularly noteworthy are the responses to "collusive" (JPM) and "spiteful" actions taken by the respective competitors. The dummy Low cost in the asymmetric treatment estimations indicates when a subject is a low-cost type (with a marginal cost of 1), and Male is a dummy for sex (0 = female, 1 = male). Finally, we added dummy variables for each round. Note that for subjects playing strictly myopic best response strategies ('imitation'), we should have β 1 = 1 (β 2 = 1), while the other coefficients should be equal to zero. The specifications and estimation results are given in Table 5 .
- Table 5 about here - Table 5 indicates several interesting findings. First, in line with Huck et al.
(1999), a (myopic) best response strategy and imitation explain output adjustment in the symmetric and asymmetric treatments. Moreover, in the symmetric treatments, the JPM output chosen by the competitor in the previous round decreases own output in the current round. This indicates that subjects reciprocate such a gesture (instead of trying to take advantage of the situation by choosing the best response quantity of 37). Under asymmetry, we find that the coefficient on the interaction between 'imitation' and 'long-term' has an effect that runs the opposite to the general impact of imitation. Thus, the impact of imitation in the asymmetric long-term treatment is reduced. This explains why the aggregate outputs in the long-term treatment are dispersed closer to the Nash equilibrium than in the more competitive short-term treatunits (but only 23% of the spiteful decisions in the short-term internet treatments). At this output the payoff of the competitor has to be smaller or equal to that of the initiator.
ments. The interaction coefficients between 'imitation' and 'lab' and between
'best response' and 'lab', respectively, also have effects that run the opposite to the general impact of imitation and best response. The fact that the interaction coefficient between 'best response' and 'lab' is negative (and significant), while this coefficient between 'best response' and 'long-term' is insignificant could explain why outputs are dispersed closer around the Cournot-Nash outcome in the long-term internet than in the short-term lab treatment (see Figure 1(b) ). We also find that output adjustment is increasing when a subject is of a low-cost type. This makes sense as the equilibrium output of a low-cost firm is larger than of a high-cost firm. We summarize this observations as the following result.
Result 3 [Individual output strategies]: Output adjustment is affected by both best response and imitation strategies in both symmetric and asymmetric treatments. In the symmetric treatment, we find that if one player chooses the JPM output, the other player will follow by further reducing output. In the asymmetric treatment, we find that low-cost subjects increase their outputs over time, while in the long term output adjustment is made less of imitation and more of best response.
Finally, we report on the default rates in the long-term internet experiment. 20 This is important in order to validate our experimental procedure and findings.
We observe a total of 42 and 65 default decisions (2.8%, and 3.6% of all output decisions) in the long-term symmetric and asymmetric treatments, respectively.
These numbers are far below the possible maximum of two defaults per subjects (8% of all decisions). Using a Fisher exact test we do not find a significant differ- 20 As pointed out by a referee, the mere existence of a particular default rule may influence the behavior of subjects in the game. However, in our experiment we only allowed for very few default decisions per subject (two decisions). Moreover, as our default rule was specified neither with respect to the equilibrium predictions nor to the benchmark outputs (it is the subject's output in the previous round), it is not likely to bias behavior toward the equilibrium or benchmark outputs. ence in default rates in the different working days (p = 0.53). 21 We also do not observe a time trend (neither increasing nor decreasing over time) in the number of defaults. 22 In addition, we do not observe that output varies according to the weekday in the symmetric and asymmetric treatment, respectively. 23
Conclusions
Do short-term lab experiments provide valid descriptions of long-term economic interactions? To address this methodologically important question we compare standard Cournot competition laboratory treatments with 25 rounds lasting one hour to treatments with the same number of rounds but lasting for 25 working days. As an intermediate treatment, we also conduct short-term internet treatments with the same number of rounds and duration as in the lab.
Our ex-ante conjecture was that output decisions in the long term may differ from those in the short term mainly because the influence of immediate negative emotions is reduced. However, in the symmetric treatments, we did not find any significant differences in overall performance measured by industry output between the short-term lab, short-term internet, and long-term internet treatments. Although we discovered some significant differences between the asymmetric treatments, these are overall quite small in magnitude. Our findings can thus be considered good news for research in experimental economics since they indicate that short-term laboratory settings, at least with respect to Cournot competition, reflect the behavior in long-term repeated relationships quite well.
Of course this experiment can only be considered as a first step to investigating whether short-term laboratory experiments adequately reflect behavior in long-term relationships. The outcomes in Cournot experiments are by and large clustered around the static equilibrium predictions. It would be desirable to investigate whether our findings on short-vs. long-term procedures generalize to other types of economic relationships, particularly to experiments where behavior is likely to deviate from the game theoretic predictions (e.g., public good game). 24 The closed boxes are constructed from first and third quartiles, while the second quartile, the median is the middle line in each box. The whiskers mark the lower and upper adjacent limits. These limits are equal to maximum 1.5 times the difference between the third and first quartiles (in case of no outliers they are bounded by the minimum or maximum output values). Finally, the dots illustrate outliers. In Figure 1(a) , the upper dashed reference line denotes the Cournot-Nash quantity, while the lower dashed line denotes the joint-payoff maximizing quantity. In Figure 1 . are given in parenthesis) of the different estimations. As a benchmark for treatment variable we use the short-term internet treatment, and as a benchmark for round we used round 10. All round dummies are insignificant except for one in the asymmetric treatments (round 24). The signs *, **, and *** denote significance equal to (or less than) the 10%, 5%, and 1% levels. • All participants receive the same instructions.
Symmetric design
• You will stay anonymous to us and to the other participants during and after the experiment.
• In this experiment you represent a firm. There is one other firm that produces and sells the same product in the market. You will be matched with the other firm during the whole experiment.
• Each working day, all firms have to make one decision, namely what quantity they wish to produce. You can produce any integer quantity ranging between 0 to 100. The decision should be made once every 24 hours each working day (Monday-Friday). The experiment will continue for exactly 25 working days. The experiment starts on Thursday, June 23, 2011, and will end on Wednesday, July 27, 2011. In the instructions we refer to each working day (from 12.00am to 12.00pm) as one "period".
• In case you forgot to make your output decision in one period, the system will automatically submit your output decision from the last period. However, if you do not make decisions for two subsequent working days or for a total of three working days, you will be excluded from the experiment and you will not get paid.
i • In case you do not make your decision by 7.00pm on a working day, you will receive a reminder email.
• You can make your decision from everywhere, conditional on having internet access (including smart phones).
• During the experiment all payoffs are expressed in ECU (experimental currency units). Each participant starts with an initial amount of 500 ECU.
• After the experiment we will exchange your payoff into e. The exchange rate will be 1000 ECU/e where 1000 ECU equals 1 e.
• [Symmetric treatment only:] The costs of production are 1 ECU per unit (this holds for all firms).
• [Asymmetric treatment only:] The two firms in the market incur different costs of production. One firm incurs a cost of 1 ECU per unit while the other incurs a cost of 7.5 ECU per unit.
• [Asymmetric treatment only:] The production cost of your firm will appear on your computer screen. The other firm in the market will have the respective other cost.
• The following important rule holds: The larger the total (aggregate) quantity produced by the two firms, the lower the market price. Moreover, the price will be zero from a certain amount of total output upwards.
• Your profit per unit of output will be the difference between the market price and the production cost. Note that you will incur a loss if the market price is below the unit costs. Your profit per period will thus be equal to the profit per unit multiplied by the number of units you sell.
ii • During the experiment you can use a 'profit calculator' before you decide on the quantity to produce. You enter your quantity and a (hypothetical) quantity of the other firm, then the 'profit calculator' calculates your profit [Asymmetric treatment only: and the profit of the other firm].
• The demand and cost functions do not change over the 25 periods.
• In each period, yours and the other firms' output decision will be registered, the corresponding price will be determined and the profits will be calculated.
• After each period (on each working day from 12.00am) you will receive the following information: The quantities produced by you and by the other firm, your profit in the last period, [Asymmetric treatment only: the profit of the other firm], and your accumulated profit up to this period.
• The total profit in the experiment will be the total amount earned in the 25 periods of the experiment (including the initial amount of 500 ECU).
• At the end of the last period you will receive a confirmation of your total earnings in ECU during the experiment. We will add up your profits and calculate your money reward in e. You can pick up your earnings in cash one working day after the last period, i.e., starting on Thursday, July 28, 2011, at [address was provided].
• Note that other participants will not observe how much you have earned, and you will not observe how much others have earned.
iii 1 Here you can observe the history of the decisions made so far This is the "profit calculator". You can enter a quantity and a (hypothetical) quantity of the other firm. The `profit calculator' calculates your and the other firm's profits for these quantities.
Here you submit your output decision for the actual period
Accumulated profit
Here you can observe if the production cost per unit of your firm is 1 ECU or 7.5 ECU.
Here is an example of a computer screen [the asymmetric treatment] iv B Computer screens 
